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Two species of Chlamydomonas Ehrenb. in the clade Monadinia, Chlamydomonas pseudomacrostigma 
L. §. Peterfi ex H. Ettl and C. media G. A. Klebs, were recently reported from Japan. However, several 
species in the clade were transferred to the genus Microglena Ehrenb. by different authors, and therefore 
the taxonomic treatment of these two species should be revisited. Here, their identifications were re-ex¬ 
amined based on 18S /'RNA gene phylogeny, secondary structure comparisons of ITS-2 rDNA, and veg¬ 
etative cell morphology. Based on these comparisons, C. pseudomacrostigma and C. media were treated 
as a later synonym of Microglena opisthopyren (Skuja) Demchenko, Mikhailyuk & Proschold and an 
earlier synonym of M. skujae Demchenko, Mikhailyuk & Proschold, respectively. A new combination, 
Microglena media (G.A. Klebs) Nakada, comb, nov., is proposed for the latter. 
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Nakada et al. (2012) reported two species of 
Chlamydomonas Ehrenb., C. pseudomacrostig¬ 
ma L. §. Peterfi ex H. Ettl based on TkS0811B3 
(=NIES-2744) and C. media G. A. Klebs based on 
HcCl-5-3 (=NIES-2743), from Japan, and exam¬ 
ined their phylogenetic position using 18 S rRNA 
genes. Subsequently, they were phylogenetically 
affiliated to the clade Monadinia in the order Vol¬ 
vocales. However, Demchenko et al. (2012) re¬ 
classified several species belonging to the clade 
as the genus Microglena Ehrenb., and proposed a 
new classification system based on light micros¬ 
copy, 18 S rRNA gene phylogeny, and the second¬ 
ary structure of ITS-1 and -2. They also gave a 
DNA Barcode of Microglena species using ITS-2 
DNA sequences. Two species reported by Naka¬ 


da et al. (2012) clearly belong to the Microglena, 
and one strain of C. pseudomacrostigma, SAG 
8.87, was already identified as M. opisthopyren 
(Skuja) Demchenko, Mikhailyuk & Proschold by 
Demchenko et al. (2012). Here, the phylogenetic 
positions of C. pseudomacrostigma and C. media 
among the genus Microglena were therefore re¬ 
examined using 18S rRNA genes, and their spe¬ 
cies delineations were examined based on the 
secondary structure of ITS-2 and brief observa¬ 
tions in addition to those of Demchenko et al. 
(2012) and Nakada et al. (2012). The phylogenetic 
position and ITS-2 secondary structure of an un¬ 
identified strain, Chlamydomonas sp. SAG 10.87, 
were also examined for reference. Based on the 
results of phylogenetic and structural re-analy- 
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ses, the correct names for the examined strains 
are discussed. 

Materials and Methods 

Examined strains, DNA sequencing and phy¬ 
logenetic analyses were performed as described 
in Nakada et al. (2012), with the following excep¬ 
tions: 1) ITS-2 DNA ofTkS0811B3 (=NIES-2744; 
AB872921), HcCl-5-3 (=NIES-2743; AB872922) 
and SAG 10.87 (AB872923) were amplified and 
sequenced using the primers reported in Cole¬ 
man et al. (1994); 2) 18S rRNA gene sequences of 
Microglena for phylogenetic analyses were re¬ 
vised referring to Demchenko et al. (2012); and 3) 
Bayesian Markov chain Monte Carlo iterations 
were performed for 2,000,000 generations. 

The secondary structure models of newly de¬ 
termined ITS-2 were constructed using the pro¬ 
gram mfold (Mathews et al. 1999, Zuker 2003; 
http://mfold.rna.albany.edu/?q=mfold/RNA- 
Folding-Form) and manually refined referring to 
the models of Demchenko et al. (2012). 

Cultivation and light microscopy were as de¬ 
scribed in Nakada et al. (2012). Sexual reproduc¬ 
tion of HcCl-5-3 and SAG 16.90 was also exam¬ 
ined at 12°C (following Klebs 1896) and 20°C. 
Dense cultures in 30 mL AF-6 medium were con¬ 
densed by centrifugation, washed once in 15 mL 
AF-6-N medium [AF-6 medium lacking nitro¬ 
gen compounds (sodium nitrate and ammonium 
nitrate)] then incubated in 15 mL AF-6-N medi¬ 
um for 1 day. One-day-old cultures of the two 
strains were further incubated separately or as 
mixtures for 7 days and then observed. To con¬ 
firm the formation or absence of resistant cysts, 
the 7-day-old cultures were centrifuged and dried 
on sterilized filter paper for 5 days in 60 x 15 mm 
petri dishes. Five mL AF-6 medium was then 
added to the petri dishes prior to incubation for 7 
days. The presence or absence of germinated veg¬ 
etative cells was confirmed under a binocular mi¬ 
croscope (SL-60N; Vixen, Saitama, Japan) or by 
inoculation in 10 mL AF-6 medium in screw cap 
tubes (18 x 150 mm). 


Results 

Molecular phylogeny of 18S rRNA 

In the Bayesian phylogenetic tree of Micro¬ 
glena species (Fig. 1), the strain TkS0811B3 
(=NIES-2744) identified as Chlamydomonas 
pseudomacrostigma was most closely related to 
strains ofM opisthopyren [SAG 8.87, SAG 31.86 
and CCAP 11/46 (=SAG 54.90)] with strong sta¬ 
tistical support [1.00 posterior probability (PP) 
and 88-91% bootstrap proportions (BPs)]. The 
aligned region of 18 S rRNA was identical among 
SAG 8.87, SAG 31.86 and CCAP 11/46 (=SAG 
54.90), but different from TkS0811B3 (=NIES- 
2744) in three base pairs. The strain HcCl-5-3 
(=NIES-2743) identified as C. media was most 
closely related to the strain M. skujae Demchen¬ 
ko, Mikhailyuk & Proschold SAG 16.90 (1.00 PP 
and 100% BPs). The examined region of 18S 
rRNA was different between HcCl-5-3 (=NIES- 
2743) and SAG 16.90 in one base pair. The phylo¬ 
genetic position of “ Chlamydomonas sp.” SAG 
10.87 could not be resolved by Bayesian analysis 
alone. The 18 S rRNA gene sequence was most 
similar to those of M. globulifera (Korshikov) 
Demchenko, Mikhailyuk & Proschold and M. in- 
dica (M.O.P. Iyengar) Demchenko, Mikhailyuk 
& Proschold, but they were different from SAG 
10.87 in 10 base pairs. 

Secondary structure of ITS-2 

The secondary structure models of ITS-2 
DNA of “ Chlamydomonas pseudomacrostigma ” 
TkS0811B3 (=NIES-2744) were compared with 
those of “C. pseudomacrostigma ” SAG 8.87 
(FR854386) and SAG 54.90 (FR854387), and that 
of “C. media" HcCl-5-3 (=NIES-2743) was com¬ 
pared with Microglena skujae SAG 16.90 
(FR854389; Fig. 2). One compensatory base 
change (CBC) and three hemi-compensatory 
base changes (hemi-CBCs), but no base-pair in¬ 
sertions/deletions (indels) were found between 
TkS0811B3 (=NIES-2744) and SAG 8.87 (and 
SAG 54.90). Among the CBC/hemi-CBCs, only 
one hemi-CBC in the helix III was observed in 
the conserved DNA Barcode region indicated by 
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Fig. 1. Bayesian phylogenetic tree of the clade Monadinia (Volvocales) based on 18S rRNA gene sequences, showing the phy¬ 
logenetic positions of Microglena opisthopyren, M. media, andM. sp. SAG 10.87 (shown in bold). Sequences of the clades 
Phacotinia and Moewusinia were used as the outgroup. The corresponding posterior probabilities (>0.90; top left) and the 
bootstrap proportions (>50%) from maximum likelihood (top right), maximum parsimony (bottom left), and neighbor¬ 
joining (bottom right) analyses are shown by the branches. Branch lengths and the scale bar represent the expected num¬ 
ber of nucleotide substitutions per site. Accession numbers of the International Nucleotide Sequence Databases for each 
gene are indicated in parenthesis. 


Demchenko et al. (2012). Five hemi-CBCs were 
found between HcCl-5-3 (=NIES-2743) and SAG 
16.90, but no CBC and base-pair indels were 
found. Among the hemi-CBCs, one hemi-CBC in 
the helix III was observed in the conserved DNA 
Barcode region. Three unique base pairs among 
Microglena species in the conserved DNA Bar¬ 
code region were shared between HcCl-5-3 
(=NIES-2743) and SAG 16.90 (Fig. 2). An ITS-2 
structure model of SAG 10.87 was also construct¬ 


ed. It contained three unique base pairs among 
Microglena species in the conserved DNA Bar¬ 
code region (Fig. 2). 

Morphological comparison and sexual reproduc¬ 
tion of HcCl-5-3 and SAG 16.90 

Vegetative cell morphology of the strains 
HcCl-5-3 and SAG 16.90 were compared under 
the same culture conditions. The cells of SAG 
16.90 were slightly larger (11-24 pm in length 
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Fig. 2. Structures of ITS-2, including the stem of 5.8S and LSU rDNA, of Microglena opisthopyren, M. media and M. sp. SAG 
10.87. Structures were predicted using mfold (Mathews et al. 1999, Zuker 2003) and manually refined by referring to the 
models of Demchenko etal. (2012). The strain M. opisthopyren TkS0811B3 (=NIES-2744) is compared with SAG 8.87 and 
SAG 54.90, and the strain M. media HcCI-5-3 (=NIES-2743) with SAG 16.90. Compensatory base changes and hemi-com- 
pensatory base changes are marked in black and gray, respectively. Conserved DNA Barcode regions defined by Dem¬ 
chenko et al. (2012) are indicated in bold. In the conserved DNA Barcode regions, base pairs unique among Microglena 
species are indicated by asterisks. 
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and 8-18 pm in width) than HcCl-5-3 (13-20 |im 
and 7-13 pm, respectively; Nakada et al. 2012), 
and the stigmata of SAG 16.90 were longer than 
those of HcCl-5-3. Other diagnostic characters 
examined (Demchenko et al. 2012, Nakada et al. 
2012) were not significantly different. 

Sexual reproduction was not observed in 
HcCl-5-3 or SAG 16.90 at both 12°C (following 
Klebs 1896) and 20°C, regardless of independent 
and mixed cultivation. No sexual reproduction 
was observed at either 12°C or 20°C. No cells 
survived after 5 days’ desiccation, indicating an 
absence of resistant cyst formation. 

Discussion 

The phylogenetic tree supported the conclu¬ 
sion of Nakada et al. (2012) that the strains 
TkS0811B3 (=NIES-2744), SAG 8.87, SAG 31.86, 
and CCAP 11/46 (=SAG 54.90) are the same spe¬ 
cies. One ITS-2 CBC and three hemi-CBCs were 
observed among these strains. Nakada et al. 
(2010) and Hayama et al. (2010) found three 
CBCs and/or base-pair indels of ITS-2 between 
sister species, and at most, one CBC of ITS-2 
within a species. Although the mutation level of 
ITS-2 might differ between groups of volvocale- 
an algae, the observed ITS-2 differences between 
TkS0811B3 and the strains SAG 8.87 and SAG 
54.90 did not conflict with their conspecific sta¬ 
tus. These strains, TkS0811B3 (=NIES-2744), 
SAG 8.87 and SAG 31.86, were morphologically 
indistinguishable from each other (Nakada et al. 
2012), while the morphology of Microglena coc- 
cifera (Gorozh.) Demchenko, Mikhailyuk & 
Proschold was clearly different from that of M. 
opisthopyren (Demchenko et al. 2012). 
TkS0811B3, on which the epitype of C. pseudo¬ 
macrostigma is based (but see Nomenclature and 
synonymy), is therefore the same species as M. 
opisthopyren. Accordingly, because the epithet 
“opisthopyren ” has priority, C. pseudomacrostig¬ 
ma should be treated as a later synonym of M. 
opisthopyren. 

Nakada et al. (2012) cited Chlamydomonas 
monadina F. Stein var. charkoviensis Korshikov 
as a synonym of C. pseudomacrostigma (now Mi¬ 


ll 

croglena opisthopyren ); however, Demchenko et 
al. (2012) considered it an independent species, 
M. charkoviensis (Korshikov) Demchenko, 
Mikhailyuk & Proschold. Although the type of 
M. charkoviensis is problematic (the citation in 
the protologue, Korshikov 1938, was likely erro¬ 
neous; see Nakada et al. 2012), identification of 
the strain M. charkoviensis ACKU 267-03 seems 
appropriate, and as a result, it should be treated as 
an independent species from M. opisthopyren 
(=C. pseudomacrostigma). 

The strain HcCl-5-3 (=NIES-2743) was found 
to be closely related to the strain SAG 16.90, 
which was assigned to Microglena skujae. Al¬ 
though no CBC or base-pair indel was found be¬ 
tween these strains, indicating their conspecifici- 
ty, their published morphology was slightly dif¬ 
ferent. The vegetative cells of HcCl-5-3 (=N1ES- 
2743) were narrower (7-13 pm; Nakada et al. 
2012) than those of SAG 16.90 (14-20 pm; Dem¬ 
chenko et al. 2012); however, the culture condi¬ 
tions in those studies were slightly different. Na¬ 
kada et al. (2012) cultivated HcCl-5-3 in AF-6 
medium (Kato 1982, modified as in Andersen et 
al. 2005) at 20°C, 130-200 pmol-m 2 -s ', while 
Demchenko et al. (2012) cultivated SAG 16.90 in 
Bold’s Basal Medium with Vitamins and Triple 
Concentrated N (=3N-BBM+V; Schlosser 1997) 
at 20°C, 50 pmol-m 2 -s ’. Under the same culture 
conditions, the ranges in cell size overlapped [13- 
20 x 7-13 (xm (HcCl-5-3) and 11-24 x 8-18 pm 
(SAG 16.90)], and only a slight difference in stig¬ 
ma size was observed. These differences are triv¬ 
ial, and accordingly, one cannot clearly distin¬ 
guish the strains based on these characters alone. 
Here, HcCl-5-3 and SAG 16.90 are therefore 
treated as the same species. Because the epithet 
“media” has priority over the epithet “ skujae ” 
(and “nova”), C. media was transferred to the ge¬ 
nus making a new combination Microglena me¬ 
dia (G.A. Klebs) Nakada for the correct name of 
this species. 

Klebs (1896) reported isogamous sexual re¬ 
production in Microglena media ; however, Dem¬ 
chenko et al. (2012) observed advanced anisoga- 
my in all four Microglena species whose strains 
showed sexual reproduction. This apparently 
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contradicts identification of the strains HcCl-5-3 
and SAG 16.90 as Microglena media. However, 
sexual reproduction among Microglena was ob¬ 
served in only four species among the 13 species 
recognized by Demchenko et al. (2012), and it is 
therefore premature to assume that isogamous 
sexual reproduction is absent in Microglena spe¬ 
cies. Sexual reproduction was not observed in 
HcCl-5-3 or SAG 16.90. It is therefore possible 
that they are heterothalic (and representing a sin¬ 
gle mating type), or sexually sterile due to years 
of cultivation. 

Nomenclature and synonymy 

In the latest International Code of Nomencla¬ 
ture for Algae, Fungi, and Plants, the Melbourne 
Code , the term “illustration” acceptable as a no- 
menclatural type under Art. 8.1 was newly de¬ 
fined as “a work of art or a photograph depicting 
a feature or features of an organism” (Art. 8.1, 
footnote; McNeill et al. 2012). Literally interpret¬ 
ed, a series of drawings (each drawing sometimes 
given a unique figure number) depicting several 
cells of a new species derived from a single cul¬ 
ture or natural sample, might not be considered 
“an” illustration. However, this interpretation 
contradicts the established custom of microalgal 
research (e.g. Gerloff 1940, Skuja 1956, Ettl 1965, 
1976), and it clearly violates the stability of many 
microalgal names. Thus, the usage of a series of 
drawings or photographs as an illustration (as a 
type) is retained in this study, following the Pre¬ 
amble 13 of the Melbourne Code, which dictates 
“where the consequence of rules are doubtful, es¬ 
tablished custom is followed” (McNeill et al. 
2012 ). 

Microglena opisthopyren (Skuja) Demchen¬ 
ko, Mikhailyuk & Proschold in Eur. J. Phycol. 47: 
286. 2012. = Chlamydomonas opisthopyren Sku¬ 
ja in Nova Acta Regiae Soc. Sci. Upsal., ser. 4. 
16(3): 130. 1956. — Typus. Skuja (1956), pi. 18, fig. 26 
(lectotype, designated by Demchenko et al. 2012). Cryo- 
preserved strain SAG 8.87 (epitype supporting the lecto¬ 
type, designated by Demchenko et al. 2012). 

= Chlamydomonas macroplastida J.W.G. 


Vol. 65 

Lund f. macrostigma Bourr. in Hydrobiologia. 3: 
256. 1951. = Chlamydomonas pseudomacrostig¬ 
ma L.§. Peterfi ex H. Ettl in Nova Hedwigia 
Beih. 49: 358. 1976. — Typus. Bourrelly (1951), figs. 
33-34 (holotype). Nakada et al. (2012), fig. 1 (epitype, 
designated by Nakada et al. 2012). [- Chlamydomonas 
pseudomacrostigma L.§. Peterfi in Nova Hedwigia 16: 
223. 1968. nom. nud. (lacking a direct reference to the 
page in the original description by Bourrelly 1951)] 

Distribution. France (Bourrelly 1951), Roma¬ 
nia (Peterfi 1968), Ukraine (Korshikov 1938, 
Massjuk et al. 2011), United Kingdom (SAG 8.87, 
SAG 31.86, SAG 54.90 and CCAP 11/46; SAG, 
http://www.epsag.uni-goettingen.de/; CCAP, 
http://www.ccap.ac.uk/) and Japan (Nakada et al. 
2012 ). 

Strains. TkS0811B3 (=NIES-2744), SAG 8.87, 
SAG 31.86, SAG 54.90 and CCAP 11/46 (=SAG 
54.90). 

Remarks. If the strain TkS0811B3 (NIES- 
2744) is separated fromM opisthopyren, the spe¬ 
cific epithet “ pseudomacrostigma ” will be used 
under the genus Microglena. 

Microglena media (G. A. Klebs) Nakada, 
comb. nov. = Chlamydomonas media G. A. Klebs 
in Fortpfl. Alg. Pilz.: 424. 1896; Nakada et al. in 
Acta Phytotax. Geobot. 62: 73, 2012. — Typus. 
Klebs (1896), fig. 12 (holotype). Nakada et al. (2012), fig. 
3B (epitype, designated by Nakada et al. 2012). 

= Chlamydomonas media G. A. Klebs var. eu- 
stigma Gerloff in Arch. Protistenkunde 94: 362. 
1940. — Typus. Gerloff (1940), figs. 30-31 (holotype). 

= Chlamydomonas nova Skuja in Nova Acta 
Regiae Soc. Sci. Upsal., ser. 4. 16(3): 128. 1956. = 
Microglena skujae Demchenko, Mikhailyuk & 
Proschold in Eur. J. Phycol. 47: 285. 2012. nom. 
illeg. — Typus. Skuja (1956), fig. 19 (lectotype, desig¬ 
nated by Demchenko et al. 2012). Cryopreserved strain 
SAG 16.90 (epitype supporting the lectotype, designated 
by Demchenko et al. 2012). [-“ Chlamydomonas nova 
Skuja” in Sorensen, Acta Limnol. 1: 49, 50, 68, 1948. 
nom. nud. (lacking description and type)] 

Distribution. Common in Europe, including 
the former USSR (Ettl 1976, 1983, Massjuk et al. 
2011), and Japan (Nakada et al. 2012). 

Strains. HcCl-5-3 (=NIES-2743) and SAG 
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16.90. 

Remarks. If the strain SAG 16.90 is separated 
from M. media, the specific epithet “nova” will 
be used under the genus Microglena. Demchenko 
et al. (2012) proposed M. skujae Demchenko et 
al. for Chlamydomonas nova, but the former 
name is superfluous. 

We are grateful to Mr. Yudai Tsuchida (a student at Tsu- 
ruoka Chuo High School and a Research Assistant at the 
Institute for Advanced Biosciences, Keio University) for 
his support during the experiments, and Dr. Thomas 
Proschold (University of Rostock) for his comments on 
the sexual reproduction of Microglena species. This work 
was supported by grants from Yamagata Prefectural Gov¬ 
ernment and Tsuruoka City and by a Grant-in-Aid for 
Young Scientists (B; no. 22770086 to TN). 
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